The structure of fibrils formed in Huntington's disease remains unknown. Results: Local structure and domain organization of huntingtin exon 1 fibrils were determined by EPR spectroscopy.
INTRODUCTION
Huntington's disease (HD) is a progressive, fatal neurodegenerative disorder caused by a polyglutamine (polyQ) expansion in the first exon of the huntingtin (Htt) (1) . Like other polyQ diseases (2) , there is a threshold of about 40Q beyond which patients get the disease, and the age of onset of the disease is inversely correlated with the length of the expansion (3) . HD is associated with neurodegeneration, especially of the caudate nucleus of the striatum (4) , and the severity of neurodegeneration correlates with polyQ length (5) . Huntingtin exon 1 (HDx1), with a polyQ expansion beyond a threshold of about 40Q, is sufficient to cause disease in mice (6) .
A hallmark of HD in mice and humans is the formation of intracellular inclusions. In patients, these inclusions consist largely of N-terminal fragments of mutant Htt that are often ubiquitinated (7, 8) . Aggregates purified from HD patient brains bind Congo red with green birefringence, indicating that they have an amyloid-like structure (9) . In vitro, mutant HDx1 spontaneously forms fibrils that similarly bind Congo red (9) . Fourier transform infrared spectrometry demonstrated that these fibrils have a beta sheet signature similar to amyloid fibrils (10) . Furthermore, HDx1 fibrils have an X-ray diffraction pattern consistent with the cross beta structure characteristic of amyloid fibrils (11, 12) . In the cross beta structure, beta strands separated by 4.8 Å run normal to the fibril axis and form a sheet that is parallel to the fibril axis.
HDx1 consists of three domains, an Nterminal 17 amino acids, a polyQ region of variable length, and a C-terminus that is rich in prolines. There are several lines of evidence indicating that the polyQ region of HDx1 forms the amyloid core. For example, studies of synthetic polyQ peptides indicate that aggregation propensity increases with polyQ length (13) , and that amyloid-like aggregates are formed (14) . The polyQ flanking regions in HDx1 further modulate its aggregation and toxicity (15) (16) (17) (18) (19) (20) . Interestingly, a recent solid-state NMR study using a fragment of HDx1 indicates that the N-terminus can adopt an alpha-helical structure in the fibril (21) . The proline-rich C-terminus is thought to retard fibril formation by preventing the transition of the polyQ region to an amyloid-like structure (22) . Aside from the assignment of helical secondary structure to the N-terminus and a cross-beta structure to the polyQ region, little is known about the molecular organization of HDx1 fibrils. Moreover, previous studies employed the more readily available HDx1 fragments rather than the entire HDx1 protein. As a consequence, the structural features are even less understood in the context of the full-length protein.
We here present electron paramagnetic resonance (EPR) results characterizing the domain organization of recombinantly made, full-length HDx1 fibrils. We show that while much of the polyQ region is immobilized in the fibril, it does not have the parallel, in-register signature characteristic of many other disease-causing amyloid structures. The C-terminus exhibits the greatest mobility, takes up polyproline II structure and loosens the packing of adjacent polyQ residues. Finally, the N-terminus is ordered and, in contrast to the C-terminus, makes tertiary or quaternary contact with other N-termini, leading to stabilization of the fibril core.
EXPERIMENTAL PROCEDURES
Protein expression, labeling and purification-Using site-directed mutagenesis, both thioredoxin cysteines were mutated to serines in pET32a-HD46Q to create a parent construct for making cysteine mutants of Htt. Cysteine mutations were introduced by site-directed mutagenesis into the parent construct, which expresses a thioredoxin fused to the N-terminus of Htt that has 46 glutamines and a C-terminal His tag (NTRX-Q46). Overnight cultures of BL21(DE3) were diluted fifty-fold into LB medium and grown at 37°C to 0.6 OD 600 . IPTG was added to 1 mM and the temperature was reduced to 30°C for 4 hours. Pellets were collected by centrifugation at 3500xg, resuspended in 20 mM Tris-HCl pH 8.0, 300 mM NaCl, and 10 mM imidazole containing 1X CelLytic B Cell Lysis reagent (Sigma-Aldrich Corp., St. Louis, MO) and incubated for 20 minutes at room temperature on a rocker. Lysates were clarified by centrifugation at 21,000xg for 10 minutes and incubated with Ni-NTA agarose beads (Qiagen, Valencia, CA) for 1 hour at 4°C on a rocker. Beads were decanted into an Econo-Pac chromatography column (Biorad, Hercules, CA) and washed with several column volumes of 20 mM Tris-HCl pH 8.0, 300 mM NaCl, 20 mM imidazole. Purified proteins were eluted with 20 mM Tris-HCl, pH 8.0, 300 mM NaCl, 250 mM imidazole. Volumes were reduced to approximately 250 µl using Amicon Ultra-4 or
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Ultra-15 3000 MWCO centrifugal filters (Millipore, Billerica, MA), after which the protein was incubated with an equal volume of immobilized TCEP disulfide reducing gel (Pierce, Rockford, IL) for one hour at room temperature. Following reduction, the disulfides were spinlabeled by incubation with a 5-15-fold excess of MTSL spin label (Toronto Research Chemicals, Inc., North York, Ontario) for one hour at room temperature. Labeled protein was FPLC purified on a Superdex-75 gel-filtration column (GE Healthcare, Piscataway, NJ) using phosphate buffered saline (137 mM NaCl, 2.7 mM KCl, 10 mM Na 2 HPO 4 , 1.76 mM NaH 2 PO 4 ), adjusted to pH 6.8 with phosphoric acid, containing 1 mM EDTA. For dilution spectra, unlabeled fusion protein without cysteines was purified in the same manner, except no MTSL was added. Unlabeled fusion protein without cysteines used to make seeds was purified similarly, except during FPLC, 50 mM Tris-HCl pH 8.0, 150 mM NaCl, 1 mM EDTA was used.
Preparation of seeds-Unlabeled fusion protein without cysteines in 50mM Tris-HCl pH 8.0, 150 mM NaCl, 1 mM EDTA was diluted to 5 µM (225 µg/ml). To cleave the thioredoxin tag and initiate fibril formation, EKMax (Invitrogen, Carlsbad, CA) was added to 1 unit per 10 µg NTRX-Q46. The reaction was incubated without agitation at 4°C for three days. Fibril formation appeared to be complete by electron microscopy, as judged by the absence globular species. Fibrils were collected by ultracentrifugation at 150,000xg for 20 minutes and resuspended in one tenth of the original volume. To fragment the fibrils, this suspension was then sonicated on maximum power for 10 minutes at 30 second intervals. Sonicated seeds were stored at -80°C.
Fibril Formation-All Htt protein concentrations were measured by BCA assay and adjusted to 225 µg/ml (5 µM) for fibril formation. For mobility measurements, reactions were set up using 10% labeled mutant protein and 90% unlabeled protein without cysteines. To measure spin-spin interactions, reactions containing 100% labeled protein were used. To minimize batch-tobatch variation, all reactions were seeded with 10% pre-aggregated seed fibrils and fibril formation was initiated by the addition of 1 unit EKMax per 10 µg protein. Reactions were incubated overnight at 4°C without agitation.
Fibrils were collected by ultracentrifugation at 150,000xg for 20 minutes and resuspended in 7 µl PBS, pH 6.8, with 1 mM EDTA.
Electron microscopy-Prior to ultracentrifugation, 6 µl of fibrils were removed and adsorbed onto copper mesh electron microscopy grids (Electron Microscopy Sciences, Hatfield, PA) for two minutes. These grids were negatively stained with 2% uranyl acetate for two minutes. Subsequently, the grids were examined with a JEOL JEM-1400 electron microscope (JEOL, Peabody, MA) at 100 kV and photographed using a Gatan digital camera.
Continuous wave EPR spectra-After ultracentrifugation, the resuspended fibrils were loaded into quartz capillaries (0.6 mm inner diameter x 0.84 mm outer diameter, VitroCom, Mt. Lakes, NJ) and EPR spectra were recorded on an X-band Bruker EMX spectrometer (Bruker Biospin Corporation, Billerica, MA) at room temperature. The scan width was 150 Gauss using a HS cavity at an incident microwave power of 12.60 mW. EPR spectra of fusion proteins were also collected. The spectra were normalized by double integration. Circular Dichroism (CD)-CD measurements of monomeric fusion protein were performed at a concentration of 5 µM in buffer (10 mM phosphate with no salt pH 7.4). CD spectra of fibrils were obtained at 30 µM in the same phosphate buffer. The CD spectra were obtained using a Jasco 815 spectropolarimeter (Jasco, Inc., Easton, MD). Measurements were taken every 0.5 nm at a scan rate of 50 nm/min with average time of 1 sec. Approximately 20 to 30 scans were averaged between 190 to 260 nm and buffer backgrounds were subtracted. Spectra were analyzed using the DichroWeb suite of programs (23) including CDSSTR (24-26), SELCON3 (27) , K2D (28, 29) , CONTINLL (30, 31) . Temperature-dependence of the CD spectra was measured using a Jasco PFD-425s temperature controller. HDx1 fibrils were incubated at a given target temperature for at least 20 min prior to recording the CD spectra. All other experimental details remained the same as described above. In the temperature range between 0 and 50 degrees, spectral changes were 95% to 100% reversible. The difference spectrum for 50 degrees and 0 degrees was smoothed using the Savitzky-Golay method available on the Jasco spectrometer.

RESULTS
In order to investigate the structural changes that occur in 46Q-containing HDx1 upon aggregation, we generated 17 different derivatives (Fig. 1A ) that contained the spin labeled sidechain R1 (Fig. 1B) . We examined the derivatives by EPR in their soluble and fibrillar forms. Due to its better solubility, the HDx1-thioredoxin fusion protein was used to study the soluble form while fibrils were formed from HDx1 in which the thioredoxin partner had been cleaved off. In agreement with previous studies (10, 32, 33) , we find that HDx1 predominantly forms relatively short fibrils (100-500 nm length, 10-12 nm diameter) that have a tendency to associate laterally and form bundles (Fig. 1C) .
Soluble HDx1 as a fusion protein is highly dynamic-In order to ensure that the native protein structure was not perturbed by the addition of the spin label, we compared circular dichroism (CD) spectra of the soluble fusion protein with and without label and found that they did not differ significantly (supplemental Fig. S1 ).
As illustrated in Fig. 2 , the EPR spectra of all spin labeled, soluble HDx1-thioredoxin fusion proteins consist of three sharp and narrowly spaced lines typical of highly mobile sites. Given the relatively large size of the fusion protein (28 kDa), this high mobility cannot solely be caused by rapid tumbling of the protein. Rather the data indicate a highly dynamic structure consistent with a previous study using CD and NMR that found unpolymerized HDx1-thioredoxin fusion protein to be largely disordered (34) . Although all of our spectra indicate that soluble HDx1 is highly dynamic, there are subtle differences in the sharpness (i.e. spin label motion) of the spectra. The width of the central resonance line for sites within the first thirty amino acids are consistently larger (1.8-2.0 Gauss) than those of subsequent sites (1.6-1.75 Gauss). These data indicate that the first thirty amino acids are less mobile than the latter amino acids. Tethering of the HDx1 to the fusion partner could cause some of this reduction in mobility. Inasmuch as tethering typically affects the mobility of just the first 5-10 amino acids (35, 36) , residual secondary is likely to be present. This notion is consistent with computational work suggesting that the N-terminus of HDx1 is likely to be partially ordered (17) .
HDx1 fibril formation and CD analysis-In
order to obtain uniform fibrils for the different spin-labeled derivatives, we seeded each fibril reaction with the same batch of native HDx1 seeds. Such seeding has previously been shown to faithfully propagate the biophysical properties of HDx1 through multiple generations (37) . Spinlabeled HDx1 grew readily from native fibril seeds, indicating that the derivatives took up native structure. In addition, CD spectra of fibrils formed from several derivatives were compared and found to be highly similar (supplemental Fig.  S2 ).
The CD spectra were fitted using the DichroWeb (23) suite of fitting programs. All of these programs indicated that HDx1 fibrils contain ~35 to 45% β-sheet structure and ~5 to 10% α-helical structure. These data are consistent with previous findings which suggest the presence of β-sheet structure in the poly Q region and α-helical structure in the N-terminus (21). 30 to 50% of the structure was fit to be disordered. It should be noted, however, that these programs do not distinguish between polyproline II helices and disordered structure, which result in similar CD spectra (see below).
The polyQ domain becomes highly ordered in fibrils, but it does not have a parallel, in-register structure-Upon fibril formation, the most significant changes in the EPR spectra are within the poly Q domain (Fig. 3, red spectra) . All sites in this domain display significant line broadening and increased separation of the outer peaks, indicating that the polyQ domain becomes strongly immobilized upon aggregation. Such immobilization is typical for core regions of all amyloid fibrils that have been investigated by EPR (38) . What is different about the spectra for HDx1 fibrils, however, is that no site in any region of the protein displays the highly characteristic, single line EPR spectra that have been seen in α-synuclein, tau, ß2m, human prion protein and IAPP (38) (39) (40) (41) . Single line EPR spectra are the consequence of the spin exchange that occurs in a parallel, in-register structure in which four or more spin labels stack on top of another and come into physical contact (38, 39) . Thus, unlike other amyloid fibrils, the HDx1 fibrils formed in this study do not have a parallel, in-register structure in which each protein takes up a new layer along the
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fibril axis and same sites come into close contact with one another.
In order to test whether any spin-spin interaction could be detected between the same labeled residues, we performed a dilution experiment in which fibrils were grown from a mixture of 10% labeled and 90% unlabeled protein. By reducing the density of spin-labeled proteins, any effects of spin-spin interaction become strongly diminished. The spectra of diluted HDx1 fibrils are qualitatively similar to those of the fully labeled forms, but spin dilution causes an increase in the spectral amplitude at most sites, including the polyQ domain (Fig. 3 , black spectra). Such spectral changes only occur when labels come within 20Å of each other (42) . Thus, while sites in the polyQ are not parallel and in-register, they are still within 20Å of each other in the fibril. This might be expected if the polyQ domains of different molecules interact with each other. These data also indicate the spin-labeled and native, unlabeled HDx1 can co-mix in fibrils and take up equivalent structures.
HDx1 C-terminus lies outside the fibril coreAll of our C-terminal sites have three, easily discernible, relatively sharp resonance lines upon fibril formation (Fig. 3) . Hence, these sites have elevated mobility and do not engage in significant tertiary or quaternary contacts. Despite the overall high mobility, there is a notable increase in mobility within this domain toward the extreme Cterminal end. These data indicate that the Cterminus is anchored at the polyQ domain, from where it becomes increasingly dynamic. In agreement with this notion, the spin-spin interactions become weaker towards the Cterminus and become barely detectable at residues 76 and 111 (Fig. 3) . Thus, especially in the most C-terminal end, same residues are mostly separated by more than 20Å.
The transition from a highly immobilized polyQ domain to the more dynamic C-terminal domain can also be seen in the spectra of 63R1 and 64R1, which are at the border between the polyQ and C-terminal domains. Both spectra exhibit a mobile (see arrows in Fig. 3 ) as well as a strongly immobilized component, suggesting that they have structural features of both domains. Moreover, the C-terminus seems to be capable of locally loosening up the packing in the adjacent polyQ domain.
Polyproline II structure in HDx1 fibrils-
Despite the high overall mobility, the EPR spectra of C-terminal sites reveal a gradual increase in mobility spanning a stretch of about 40 amino acids (Fig. 3, also see below) . This behavior could be due to residual polyproline II structure. The highly proline-rich C-terminus has been predicted (21,43,44), but not shown directly, to take up such a structure in HDx1 fibrils.
In order to test whether polyproline II structure might be present in fibrils, we recorded CD spectra at different temperatures. It is well established that polyproline II structures become more ordered upon cooling. This ordering is typically very gradual and occurs over a broad temperature range between 100 and 0 degrees (45, 46) . Although heating HDx1 fibrils to higher temperatures caused aggregation, we found that it was possible to record CD spectra of HDx1 fibrils between 0 and 50 degrees without causing irreversible changes to the sample. The spectra obtained at 0 and 50 degrees are given in Fig. 4A . The corresponding difference spectrum (Fig. 4B) has the typical features of a polyproline II structure including a minimum at 206 nm and a maximum near 224 nm (47) . As commonly observed for polyproline II (45, 47) , both spectral features increased with decreasing temperature. It is important to note that the opposite trend would have been observed for the unfolding of α-helical or β-sheet structures into a random coil. In order to test whether the formation of polyproline II exhibits the typical gradual temperature transition (45, 46) , we systematically varied the temperature and monitored the mean residue ellipticity at 206 nm. As expected, the amount of polyproline II structure changed almost linearly without exhibiting a defined folding/unfolding transition (Fig. 4C) .
It is generally difficult to quantify the amount of polyproline II structure, as the reference spectra for the fully folded and unfolded states cannot readily be obtained (45) . This is particularly difficult in the present study, as we presumably cannot fully denature the polyproline II structure at 50 degrees. Thus, only rather approximate estimates of polyproline II structure can be given in the present case. Prior studies on polyproline model peptides found that the mean residue ellipticity for the 224 nm peak changed by about 1000 deg cm 2 
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between 0 and 50 degrees (45, 46) . Here we observe about a quarter of that value suggesting that about a quarter (~20 to 30 residues) in HDx1 fibrils might be able to take up polyproline II structure.
The N-terminus becomes immobilized in the fibrils-A recent solid-state NMR study found that the HDx1 N-terminus in fibrils takes up an alphahelical structure (21) . In agreement with this predicted structural ordering, the EPR spectra of N-terminal sites exhibit significant immobilization (Fig. 3) . However, the immobilization exceeds that typically observed on the surface of an alpha helix, indicating the presence of tertiary and quaternary contacts on both hydrophobic (residues 3, 11) and hydrophilic (residues 5, 9) faces. There are also significant spin-spin interactions for each of these sites, suggesting that the N-termini from different molecules come into proximity.
DISCUSSION
In the present study we define the domain organization of mutant HDx1 in soluble and fibrillar form in terms of mobility and intermolecular proximity. In order to summarize the mobility information contained in the data, we used the semi-quantitative mobility parameter, the inverse of the width of the central resonance line, ΔH 0 -1 (48) . As in previous studies (40, 41, 49) , this analysis was performed on the spectra from the spin-diluted fibrils in order to minimize any effects on line broadening due to spin-spin interaction. While the soluble protein is rather dynamic, significant immobilization can be seen upon fibril formation. This is especially the case for the N-terminus and the polyQ domain (Fig.  5A) .
The polyQ domain has long been thought to form the amyloid core. As expected, we find that this domain is tightly packed, but there are significant differences in the motilities at its Nand C-terminal ends. These differences in mobility depend on the nature of the flanking domain. The N-terminus, which is almost as immobilized as the polyQ domain, has previously been shown to take up an alpha-helical structure (21) . Our data are consistent with a structuring of this domain. In addition, we find that this domain makes tertiary or quaternary contacts. According to the detectable spin-spin interaction, these contacts are very likely with other N-termini. This notion is consistent with cross-linking data (50) , as well as a recent analytical ultracentrifugation study demonstrating that N-termini form alpha-helix rich cores of oligomers (19) . Thus, the N-terminus is not only important for oligomer formation but it also stabilizes the fibril via its packing interactions and it must be buried within the fibril (Fig. 5B) .
Compared to the N-terminus, the C-terminus is much more mobile. This mobility gradually increases with increasing distance from the polyQ core domain. Although the C-terminus is very dynamic, with no tertiary or quaternary interactions, the increase in mobility occurs gradually such that the mobility does not reach that of the soluble fusion protein until about residue 111 (Fig. 5A ). This increase in mobility, which occurs over more than 40 amino acids, again suggests the presence of a residual secondary structure, rather than merely a tethering effect. Our CD data indicate polyproline II helical structure in HDx1 fibrils. Given that the Nterminus and the polyQ region are devoid of proline residues while the C-terminus is rich in proline (~60%), we propose that the C-terminus adopts a polyproline II structure in HDx1 fibrils. This polyproline II structure lies outside the fibril core; it does not make any significant intermolecular contacts and must be largely solvated (Fig. 5B) . In contrast to the N-terminus, the C-terminus does not engage in contacts that could promote fibril stability. Rather, it appears to destabilize the adjacent glutamine residues. Gln 63 is the final glutamine of the polyQ domain and Pro 64 is the first proline residue of the proline-rich Cterminus. Both residues reside in a region of intermediate mobility, and their spectra reflect the properties both of the polyQ as and the C-terminal domains. Consistent with this structural data, biochemical experiments show that the C-terminal proline stretches inhibit aggregation of polyQ (51) and HDx1 (16, 22, 44) . A potential role of the polyproline domain in influencing the local structure of the polyQ domain is further supported by a recent crystallography study of soluble wildtype HDx1, which found that the four glutamines adjacent to the proline stretch are in an extended, rather than a random coil conformation (52) . Our data may offer insight into the observation that MW7, an antibody that binds the polyproline region immediately adjacent to the
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polyQ domain (53) , is capable of disaggregating preformed fibrils (54) . Although further studies will be required to map and characterize the precise interactions of antibodies with the fibrils, epitopes in this region may be especially promising targets for therapies designed to reduce aggregation. It is accessible to the antibody and binding may enhance the naturally destabilizing effect of the C-terminal tail.
While the mobility profile described here has many similarities to those of amyloid fibrils, the spin-spin interactions contained in the EPR spectra of HDx1 fibrils are different from those of previously described, disease-related amyloid fibrils. No regions of the HDx1 fibrils display detectable evidence of spin exchange, indicating that there is no stacking of multiple residues in a parallel, in-register arrangement of beta strands (Fig. 6A ). While unusual, since nearly all reported fibrils with amyloid cores over 20 amino acids in length have a parallel, in-register beta strand arrangement, this is not necessarily surprising. Many proteins may prefer the latter arrangement because it maximizes hydrophobic contacts by allowing like hydrophobic residues to stack on top of one another (38) . The homopolymer nature of polyQ could make it more difficult for identical sites in the primary sequence to find each other and stack in this manner. Thus, while the commonly seen parallel, in-register structure is inconsistent with the present data, we cannot exclude a more loosely arranged parallel structure in which each molecule takes up more than one layer (Fig. 6B) , residues are not perfectly inregister (Fig. 6C) , or there is some combination of the two. Our data are also consistent with an antiparallel beta sheet structure (55) (56) (57) (Fig. 6D) .
We have begun to elucidate the structural features of the various domains in HDx1 fibrils in the biologically relevant full-length version of the protein. Together with a recent solid-state NMR study, our findings represent a first step towards a high-resolution structure of HDx1 fibrils. Future EPR experiments using a more exhaustive set of distance constraints from single-and doublelabeled mutants should allow us to obtain a more precise idea of the arrangement of glutamine strands, as well as the orientations of the N-and C-termini. Recent spin labeling work, which combined continuous wave EPR, pulsed EPR and computational refinement, demonstrated that detailed, three-dimensional structural information can be obtained using such an approach (58, 59) . FIGURE 2 . EPR spectra of the thioredoxin-HDx1 fusion protein indicate a highly dynamic structure prior to aggregation. X-band EPR spectra were collected at 150 Gauss scan width at room temperature. Numbers indicate the location of the spin label in the amino acid sequences of HDx1 containing 46Q. For better visualization, all spectra are shown at the same amplitude. FIGURE 3. EPR spectra of spin labeled HDx1 fibrils. 100% (red) and 10% (black) labeled fibrils for each site are overlayed. All spectra of 10% labeled fibrils are shown at the same amplitude with respect to each other. To illustrate the effects of spin-spin interaction, the corresponding pairs of spectra at 10% and 100% labeling are shown normalized to the same number of spins. The arrows denote a mobile component in the last residue of the polyQ stretch as well as the first residue in the polyproline region. Xband EPR spectra were recorded at 150 Gauss scan width at room temperature. The numbers indicate the location of the spin label in the amino acid sequences of HDx1 containing 46Q. The N-termini (orange) and polyQ (blue) form the fibril core region (gray cylinder), from which the solvated, highly mobile C-termini (green) protrude. The polyQ region is represented as generic stacked rectangles and is not meant to imply any statement about the actual number or arrangement of individual beta strands.
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FIGURE 6.
Cartoons of different types of cross-beta structures. HDx1 does not adopt a parallel, inregister structure common to other disease-causing amyloid proteins, in which multiple spin labels (yellow dots) come into close contact (A). One potential structure in which spin labels approach within 20Å is a parallel arrangement of beta strands (arrows) in which each molecule takes up more than one layer and spin labels are separated by one or more intervening layers of beta strands (B). Another possibility would be a parallel structure in which each molecule takes up a separate layer, but, due to the promiscuous nature of polyQ, labels are not in register (C). Alternatively, several antiparallel models are possible, with or without intervening beta strands (D). The fibril axis is indicated, which is also the direction of main-chain hydrogen bonds. Different shades of arrows represent beta strands from different HDx1 molecules. A.
B. Figure 6 
Fibril axis
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